Abstract: Existing studies on the Belt and Road Initiative (BRI) primarily explain its impact on foreign trade, foreign direct investment and economic development of the countries concerned, whereas its impact on the performance of outward foreign direct investment (OFDI) enterprises has rarely been examined. By considering the BRI as exogenous policy shock, this paper analyzes the mechanism and impact of the BRI on the research and development (R&D) investment of China's OFDI enterprises investing in countries along the Belt and Road. With propensity score matching and a difference-in-difference approach, it tackles the endogeneity problem caused by self-selecting into the BRI enterprise group. The estimates indicate that BRI has not effectively promoted the R&D investment of OFDI enterprises, but plays an inhibitory role in the short term, and the marginal effect increases firstly and then decreases. Further mechanism analysis shows that the BRI leads to the addition of overseas revenue and the reduction of return on assets, which are the main reasons for the decrease of the R&D investment. In addition, the ownership heterogeneity analysis finds a higher negative effect on the state-owned enterprises, while a smaller effect on non-state-owned enterprises.
Introduction
Implementing the Going Out Strategy is of great significance for China's enterprises to participate in overseas competition and cooperation, develop new markets, accelerate innovation, and realize the upgrading of industrial structure and sustainability development [1] . China's outward foreign direct investment (OFDI) has been growing rapidly since 2002 and now China has become the second largest OFDI country following the United States. In particular, the Belt and Road Initiative (BRI) has played an important role in deepening the Going Out Strategy and promoting OFDI, which was proposed by China in 2013. The total import and export volume between China and other countries included in BRI accounted for 36.2% of China's total trade in 2017, and among them, five sixths of the trade volume came from 71 countries other than China along the Belt and Road (hereinafter called the node countries, see Appendix A, Table A1) . As an open and multi-national mechanism of regional cooperation, the BRI is essentially integrated with sustainable development, and the main objective of BRI is to raise the economic growth of the participating countries and contribute toward socioeconomic uplift by trading and cooperating. In addition, the BRI also requires the participating countries to strengthen project cooperation in the areas of infrastructure interconnection, industrial investment, new energy development, financial cooperation, humanities exchange, and ecological protection to promote common sustainable development. Particularly, the investments from China play an important role in helping the infrastructures construction of these emerging markets and developing List of Overseas Investment Enterprises (Institutions) Filings), this work makes the empirical results more robust and enriches the corresponding study.
The rest of this paper is as follows: Section 2 elaborates the literature review and theory foundation, Section 3 introduces model and data, Section 4 provides the empirical findings and robustness tests, and Section 5 offers conclusions.
Literature Review and Theory Foundation
As the BRI has been proposed for a few years, relevant theoretical and empirical studies about the effect of BRI on the R&D innovation of OFDI enterprise are rarely found. This paper refers to the relevant theory of OFDI, and sorts out the impact mechanism of BRI on the R&D investment of an OFDI enterprise.
The Motivation of Enterprise to Participate in the Belt and Road Initiative (BRI)
International investment behavior can be classified as four different types: market seeking, natural resource seeking, technology seeking, and strategic resource seeking [24] . Generally speaking, Chinese enterprises invest in developed countries for strategic resource seeking and technology seeking [8] , and invest in developing countries for market and resource seeking [25] . For example, China's investments in Africa are dominated by the state-owned enterprises (SOEs) and they invest the infrastructure that helps the economic development of African countries, but private enterprises mainly for market seeking, and most of the industries invested are low-end manufacturing and services [26] . As for the R&D and innovation of enterprises, a large number of studies have pointed out that Chinese enterprises significantly improve their R&D investment and innovation capabilities by investing in developed countries [18, 21] . However, when the investment destinations are undeveloped countries, the promotion effect is weaker or uncertain [4] . As with the traditional OFDI that enterprises invest in the countries according to their own needs, the implementation of BRI makes the enterprises invest countries purposefully.
From the timing of the BRI, the global economy has been slowly recovering and China's economy has been in urgent need of upgrading. When viewing more broadly about the motives that China propose the initiative, foreign aid and profitability may simultaneously exist [27] . Moreover, the node countries are rich in resources and poor in growth performance. All of these explain why Chinese enterprises participating in BRI are more concerned about exporting products, developing new markets, and acquiring resources, while their passions for investing in R&D innovation are limited [6] . In addition, because they are allocating more resources overseas, the crowding out effect may also have a negative effect on the enterprises' R&D investment.
The Comparative Advantage of Investment in BRI
The marginal industry expansion theory believes that the home country should transfer its relatively disadvantaged industry to the host country with potential comparative advantages. In reality, the developed countries have shifted mature industries to developing countries, and there exists technical export in this process [28] . Dunning's international direct investment eclectic theory regards the broad market of the host country as an important factor in attracting foreign direct investor. In recent years, many labor-intensive manufacturing industries in China have mature technologies and excess capacity, and their domestic advantages are no longer maintained. But most node countries are low-income economies, and have a certain scale of untapped market and a large surplus of labor, which are the new destinations of both Chinese enterprises' investment and export [29] . As a result, China's main export to these node countries are the labor-intensive industries such as machinery, textiles and clothing. Furthermore, compared with the enterprises of the node countries, Chinese OFDI enterprises have technological advantages, face lower competitive pressure and less demand for advanced products from the node countries. The above would make the Chinese enterprises easily enter the local market and mostly pursue short-term profits from product sales based on existing technologies, while ignoring the R&D innovation [21] .
The Small Reverse Technology Spillover Effect of Investment in BRI
Reverse technology spillover currently refers to phenomena that enterprises in home countries absorb advanced product and technology from the host country to enhance their own technology innovation ability [16, 17] . Since the research on reverse technology spillover started from the discussion of OFDI in developed countries, there are some studies showing that the positive spillover effect does not always exist [19] . Especially when the host country is the undeveloped country, the effect may be weak, or even negative. For example, Haddad and Harrison find negative technology spillovers associated with direct investment in a study of Venezuelan firms [30] . Ye et al. point out that the reverse technology spillovers of China's OFDI enterprises would be affected by cultural distance. Enterprises investing in Europe and U.S. gain more technology spillovers, but no spillovers occur in the Middle East and Africa [31] . The reverse technology spillover effects gained by Chinese enterprises when investing in the node countries are rare, and consequently, these enterprises' enthusiasm for R&D investment has weakened and even been inhibited.
The Environment and Policy Supports for Investment in BRI
Most of the node countries are in the preliminary or intermediate stage of industrialization, with imperfect infrastructures, unsound legal systems, and unstable domestic investment environments. By contrast with investing in developed countries, Chinese enterprises investing in these node countries are more likely to encounter environmental and social problems and face greater risks of foreign investment [10, 11, 32] . These risks may increase the cost and difficult of R&D and lose the enthusiasm for R&D investment by the enterprises [33] . In addition, the lack of legal system in the ownership of the host country will increase the possibility of invasion of property rights for foreign investors, especially in technology-intensive sectors, which will inhibit the innovation of enterprises [22, 34] . The property rights protection systems of the node countries are not perfect, and enforcement is insufficient, so the technical protection for foreign investors is also insufficient.
Government support plays a significant role in promoting the R&D innovation of enterprises [35] . Since proposing the BRI, the Chinese government has increased the tax subsidy and financial support for enterprises investing in the node countries. However, some recent studies have pointed out that the tax subsidy for export is only effective for the R&D of non-high-tech enterprises, but not for high-tech ones, because the latter normally already assume low tax rates [36] . In terms of promoting the technology innovative investments, some policies directly dealing with financing problems may be more effective than traditional tax subsidy [6] . But most of the domestic loans are used for infrastructure projects in node countries, while rarely for R&D innovation, causing an insufficient supply of R&D funds to some enterprises involved in BRI.
According to the aforementioned literature, current studies mostly discuss the impact of OFDI on the R&D investment of an enterprise from the aspects of investment motivation (such as market seeking, resource seeking, etc.), technology comparative advantage, technology spillover, environment and policy. Those studies point out that the impact of OFDI on the R&D investment of enterprises is uncertain and depends on the specific environment and policy. The BRI, as an emerging initiative, faces new environments and requirements. Therefore, based on previous research, this paper explores the effect mechanism and presumes that under the current implementation environment, the BRI would have a negative impact on the R&D investment of the OFDI enterprise in the short term.
Model and Data
There are mainly 71 node countries excluding China. Chinese OFDI enterprises, investing in the node countries, have some similar features, such as mature technologies, excess capacity, and lower domestic advantages [6] . So, we can infer that the OFDI enterprises involved in BRI are self-selected.
The sample selection problem leads to the biased estimation results. To get an unbiased estimation result, this paper will apply a difference in difference (DID) method combined with a matching technique, as suggested by Egger et al. [37] .
Difference in Difference (DID)
The DID model can exclude some interference factors to effectively estimate the treatment effect of policy shock. The BRI is a good quasi-natural experiment for our study. Since the initiative was proposed in September 2013, and the actual implementation was in 2014, this paper sets 2014 as the year BRI began. The time period is selected as 2011-2017. We set Post t as the dummy variable indicating the year pre-and post-BRI, taking a value of 1 in 2014 and after. Considering that only those OFDI enterprises whose investment destination involves one of these node countries would be truly affected by BRI, this paper selects the A-share listed OFDI enterprises, who invest in the node countries, as the treatment group, and sets BRI i as the dummy variable that is 1 when the OFDI enterprise belongs to the treatment group. The A-share listed OFDI enterprises, whose foreign investment destination does not involve any node countries, are selected as the control group.
The idea of DID in our study is to find the difference in the R&D investment of the treatment group between the two periods, which is:
where RD it denotes the R&D investment of the OFDI enterprise i (i = 1, 2, . . . 474) in period t (t = 2011-2017). Because there are many factors influencing the R&D investment of OFDI enterprises, we are supposed to control for the time effect. The change of the control group can be regarded as the time effect, which is:
So, the treatment effect of the initiative (δ) can be obtained by Equation (3):
According to the basic settings of DID, this study sets the empirical model as the follows:
The vector Control includes all the control variables. The parameter β 1 captures the policy effect of BRI on the R&D investment of the OFDI enterprises, which is included in BRI. ε it is random disturbance item. The identification requires the assumption that there is no other policy shock correlated with the effect of BRI on the OFDI enterprises. To our knowledge, there was no similar policy shock took place in that year for the OFDI enterprises included in BRI.
As the BRI has been a continuing implementation process since 2014, it is necessary to consider the dynamic effects of the initiative on the R&D investment of OFDI enterprise. This paper adds the dummy variables of the years 2014, 2015, 2016, and 2017, which is shown in Equation (5):
where parameters β 1 -β 4 captures the dynamic marginal effects of different years, other variables and symbols are the same as the above.
Considering that China's SOEs and non-state-owned enterprises (non-SOEs) are different in many ways, we also test whether BRI has different impacts on the R&D investment of the two type of enterprises. Based on Equation (4), this paper constructs a triple differential (DDD) method, and the setting refers to Cai et al. [38] :
Among them, Soe i is the dummy variables of the ownership of the enterprise (takes the value of '1' if the enterprise is state-owned), and the other variables are set in the same way as the model (4) . If the significance test is passed, it means that the effects of BRI on R&D investment are significantly different among different ownership enterprises.
Propensity Score Matching (PSM)
The premise of using the DID method is that the treatment group and control group must satisfy the common trend hypothesis, that is, if there was no BRI, there would be no systematic difference in the trend of changes in R&D investment over time. However, the OFDI enterprises investing in the node countries and those not investing in the node countries usually differ considerably in size, productivity and profit. These factors influence an enterprise's competitive advantage and the decision to invest in the node countries. Using all the OFDI enterprises not investing in the node countries as the control group may generate a biased estimation result of the DID method.
The PSM method can effectively alleviate this problem and make DID meet the assumptions of common trends [39] . The basic idea is to construct a control group that is as close to the treatment group before the policy implementation as possible, and then match the enterprises in the treatment group with the control group, so that the matched pairs are different only by policy impact. In this paper, the PSM method addresses the selection problem by constructing a comparison group of enterprises from the OFDI enterprises not investing in the node countries, whose observable characteristics are similar to those of OFDI enterprises investing in the node countries, and the kernel matching method is adopted to determine the weight. The propensity score is estimated by the variables (total assets, total operating income, total liabilities, net profit, and overseas income), and obtained by a logit model. The estimated propensity score can be used to construct the control group with a similar probability of joining the BRI for the treatment group.
Data Source and Description
This paper uses enterprise-level, yearly panel data to examine the effects of BRI on the R&D investment of OFDI enterprises, and takes the OFDI enterprises among the A-share listed companies in China as the research objects. The financial data of the enterprises comes from the Wind information platform, and the foreign investment information matches the Open List of Overseas Investment Enterprises (Institutions) Filings, which is provided by the Ministry of Commerce of the People's Republic of China. The samples are simply screened and processed, and in the end, we get 474 OFDI enterprises. Among these sample enterprises, 166 are in the treatment group and 308 are in the control group. Our sample year (2011-2017) includes the ex-BRI period and post-BRI period, and we take 2014 as the year of exogenous policy shock.
The variable description has been presented in Table 1 . We use the R&D investment intensity (the ratio of R&D investments to total assets) to express the dependent variable (RD). The ratio of R&D investments to total sales and the logarithm of the amount of R&D investments are used to conduct the robustness tests. The control variables should be the decision factors regarding R&D investment activities of the enterprises. We refer the existing research [40] [41] [42] , and select the factors (foreign investment risk (Risk), proportion of overseas income (OI), return on assets (ROA), financial leverage ratio (LEV), and market monopoly power (MP)) that can significantly influence the R&D investment activities of OFDI enterprises as the control variables. 
Empirical Results

Preliminary Results
In order to examine the impact of the BRI on the R&D investment of the OFDI enterprise, we refer to Kang et al. [13] and attempt to match each OFDI enterprise investing in the node countries with an OFDI enterprise not investing in the node countries that had the most similar propensity score. The balancing test results from the matching procedure are shown in Table 2 . The standardized deviation of the observable variables after being matched is significantly smaller than that before, and the t-values cannot reject the null hypothesis that there is no systematic difference between the treatment group and control group, indicating that the matching technique is effective. Therefore, the PSM method has provided a more valid and reliable comparison group of the control group with the treatment group to estimate the impact of the BRI. The empirical results of this paper are obtained from Stata13. The premise of using the DID method is that the treatment group and control group should satisfy the parallel time trend. We use the average value of R&D investment intensity to examine the parallel trend from 2012 to 2017. The results along with the 95% confidence intervals are shown in Figure 1 . The coefficients for the years from 2012 to 2013 are smaller than the coefficients for years after 2013. It shows that the sample groups have a parallel trend before the BRI. After the BRI, the regression coefficients are negative and gradually decreased, which is consistent with the previous theoretical analysis. But the coefficient of 2017 is higher than that of 2016, which indicates that the negative effects of the BRI on the R&D investment of the OFDI enterprises may be smaller in the long term. 
Baseline Empirical Results
This paper estimates the effect of BRI on the R&D investment of OFDI enterprises from Equation (4) based on the time fixed effect technique of panel data, and the clustering robust standard error used in the regression, can effectively capture the possible heterogeneous structure of the enterprises. The regression results are shown in Table 3 . Column (1) and (3) reveal the basic results without the control variables, while others describe the regression results of the same equation after controlling the variables. The regression results show that when we use a DID method alone, the coefficients of ost i t
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have not passed the significance test. But when we apply the DID method combined with a matching technique to reduce the regression bias caused by the self-selection effect, the coefficients of the interaction term are negative and statistically significant in both columns (3) and (4). The results indicate that the implementation of BRI does not increase the R&D investment of OFDI enterprises in the implementation stage, but reduces and weakens the passion for the R&D of enterprise. Note: ***, ** and * respectively indicate that the regression coefficient is significant at the statistical level of 1%, 5% and 10%, with t-values in brackets. 
Baseline Empirical Results
This paper estimates the effect of BRI on the R&D investment of OFDI enterprises from Equation (4) based on the time fixed effect technique of panel data, and the clustering robust standard error used in the regression, can effectively capture the possible heterogeneous structure of the enterprises. The regression results are shown in Table 3 . Column (1) and (3) reveal the basic results without the control variables, while others describe the regression results of the same equation after controlling the variables. The regression results show that when we use a DID method alone, the coefficients of BRI i × Post t have not passed the significance test. But when we apply the DID method combined with a matching technique to reduce the regression bias caused by the self-selection effect, the coefficients of the interaction term are negative and statistically significant in both columns (3) and (4). The results indicate that the implementation of BRI does not increase the R&D investment of OFDI enterprises in the implementation stage, but reduces and weakens the passion for the R&D of enterprise. Note: ***, ** and * respectively indicate that the regression coefficient is significant at the statistical level of 1%, 5% and 10%, with t-values in brackets.
The regression results also indicate that the higher return on assets significantly increases the R&D investment of enterprise, but the foreign investment risk is reversed. Notably, the ratio of overseas income is negatively correlated with the enterprise's R&D investment, which can be explained by the fact that the enterprises investing in the node countries are pursuing the short-term profits brought by the present product output, ignoring the long-term gains from technology innovation. The coefficients of other variables like LEV, MP do not show significance, meaning that the financial leverage ratio and market monopoly power of the enterprise have no significant impact on R&D investment. Table 4 shows the dynamic marginal effect from 2014 to 2017 by estimating Equation (5). The results show that all of the coefficients of BRI i × Post t are significantly negative. The marginal effect increases firstly and then decreases, indicating that the impact of BRI on the R&D investment of the OFDI enterprises has a negative effect in the short term, but the negative effect would gradually decrease in the later stage. Since the execution time of BRI is short, it is not yet possible to estimate the dynamic effect over a longer period of time at the moment. Considering that there is a trend of weakening impact on the R&D investment of the OFDI enterprises from 2017, we predict that with the increasing competitive pressure for enterprises investing in node countries, the existing products cannot meet the market demand, and then the enterprises will realize the importance of technology innovation, and significantly increase the R&D investment. Note: ***, ** and * respectively indicate that the regression coefficient is significant at the statistical level of 1%, 5% and 10%, with t-values in brackets.
The Dynamic Effect
The Mechanism Test
To explain the above regression results, we test some factors that may affect the R&D investment of the OFDI enterprises, and the results are shown in Table 5 . Note: ***, ** and * respectively indicate that the regression coefficient is significant at the statistical level of 1%, 5% and 10%, with t-values in brackets.
The coefficients of BRI i × Post t from column (1) to (5), show that the implementation of the BRI has significantly increased the proportion of overseas income, diminished the risk of foreign investment, and eased the financing constraints. But the initiative has reduced the return on assets and the market monopoly power of enterprises. Among them, the positive effect on the proportion of overseas income is consistent with the empirical test of some existing studies [43] . Considering the regression results mentioned in Table 3 , we find that although the BRI indirectly promotes the R&D investment of the OFDI enterprises by reducing the risk of foreign investment, it significantly promotes the proportion of overseas income of enterprises, which has increased the amount of product output but squeezed the R&D investment. Moreover, since the BRI has not improved the return on assets of the OFDI enterprises in the short term, it has also weakened the enthusiasm of R&D. To sum up, because the crowding effect is bigger than the promotion effect, there is a negative effect of BRI on the R&D investment of the OFDI enterprises, resulting in a reduction of R&D investment in the short term.
The Ownership Heterogeneity Effect of BRI on Research and Development (R&D) Investment
Equation (6) estimates the ownership heterogeneity effect of the BRI. The results are shown in Table 6 . The coefficients of BRI i × Post t in column (1) to (4) are all significantly negative regardless of whether the control variables are added or not, which is consistent with the results in Table 3 , indicating that the BRI has undeniably reduced the R&D investment of the OFDI enterprises. Compared with the non-SOEs, the absolute value and significance of the coefficients of the SOEs are clearly higher, indicating that the implementation of BRI has a greater negative impact on the R&D investment of the SOEs. The coefficient of BRI i × Post t in DDD, which is −0.449 significant at a 5% confidence level, also confirms the result.
We explain the above results as follows: on the one hand, in the current context of the urgent need for "De-Capacity, Destocking, and Restructuring" in China, a large number of SOEs get involved in the BRI. These SOEs mainly focus on undertaking economic and technological assistance, participating in infrastructure construction, increasing the overseas direct investment [43] , but ignoring their R&D innovation. Infrastructure construction occupies capitals, which seriously crowd out the R&D funds [6] . So, the BRI has a larger impact on the SOEs. On the other hand, although non-SOEs face the same problems, most of them have stronger profitability compared with the SOEs. They invest in the markets of the node countries based on their own needs, and the decision making of R&D investment belongs to market behavior. Thus, the negative effects on the R&D investment of these non-SOEs are smaller. In short, the BRI's effect on the R&D investment of OFDI enterprise is heterogeneous in the ownership. Note: ***, ** and * respectively indicate that the regression coefficient is significant at the statistical level of 1%, 5% and 10%, with t-values in brackets.
Robustness Test
Firstly, we use the time placebo test method to move the time node to 2013. The results are mentioned in column (1) and (2) of Appendix A, Table A2 . The regression results are not significant, indicating that the advanced time node is invalid. Secondly, some studies define the R&D investment intensity as the ratio of R&D investments to total sales, and others also use the absolute value of R&D investment as the dependent variable. Thus, we examine the dependent variables of these two different forms. The results, shown respectively in column (3) and (4), are consistent with the previous results.
Conclusions
The BRI provides a new platform for enterprises to participate in international cooperation and competition, which has been designed to encourage the economic growth of the participators. The international cooperation and competition can bring technological transfer and progress. By treating the BRI as a quasi-natural experiment, this paper uses the PSM-DID technique to estimate the impact of the BRI on R&D investment of enterprises, investing in the node countries. The empirical results show that the BRI has a negative impact on the R&D investment of the OFDI enterprises in the short term, and this effect has the marginal tendency of rising firstly and then falling. Further analysis shows that the BRI increases the proportion of overseas income of enterprises, but reduces the return on assets, which both reduce the R&D investment of the OFDI enterprises. Moreover, we have tested the ownership heterogeneity of the BRI's effect and found that the negative effects on R&D investment of the SOEs are greater than that of the non-SOEs.
This study provides another angle to look at the impact of the BRI which has been relatively neglected. The OFDI enterprises as the main participants of BRI would gain a lot from the initiative. Taking these enterprises as the object of the study would help to understand the effects of BRI more comprehensively. Our research may have some limitations to be addressed in future research. Firstly, we focus on enterprise characteristics as the main control variable, so our model does not account for other possible factors. Secondly, this paper uses the matching data from multiple data sources, and maybe some direct data will be compiled in the future. This research may be extended by considering the other effects of the BRI on enterprise, and the detailed ways that enterprises participate in the BRI. 
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